The development of appropriate models for bipolar disorder (BPD) is a critical step in the efforts to further study the underlying pathology of the disorder and develop novel treatments. One approach to achieve better models is to develop a battery of tests for the different behavioral domains of the disease. Previous work examined ways to model reward-related behaviors in the context of BPD with some success. Because disregulation of the reward system is one of the hallmarks of BPD the present study was designed to evaluate the possibility of using amphetamine-induced conditioned place preference (CPP) as an additional method to model the reward seeking behavioral domain in BPD.
INTRODUCTION
Bipolar disorder (BPD) is a chronic and debilitating illness which includes alternate episodes of depression and mania [1] . The paucity of appropriate animal models for BPD hinders the research of its pathophysiology and the development of new treatments for this condition [2, 3] . One of the possible approaches to overcome the challenge of appropriate models is by using separate models for different behavioral domains of the disorder [4] [5] [6] [7] [8] . While a single model that will represent the entire scope of BPD might not be attainable at this time, individual models representing domains of the disorder have been developed and offer support for further research. Research using limited but valid models for distinct domains of BPD might shed light on disease mechanisms and the therapeutic mechanisms of action of mood stabilizers leading to the development of better models.
used to explore additional domains of the disorder [10] [11] [12] [13] [14] . One important domain of mania, an increase in reward seeking and a disregulation of the reward system, had been demonstrated at the behavioral, neuroanatomical and neurochemical levels [15] [16] [17] and was suggested as a relevant endophenotype of the disease [18] . In some recent works, our laboratory has showed that one possible way to model the reward seeking domain of BPD is by using the sweet solution preference test. Specifically, we showed that sweet solution preference varies across mice strains and that in mice with high baseline preference (modeling high reward seeking), the mood stabilizers lithium and valproate reduce preference while the antidepressant imipramine has no effects [11, 12] . These previous findings suggest that sweet solution preference can be utilized as part of a battery of tests for the separate domains of the disorder. However, sweet solution preference is limited to animals that have a baseline high preference and its usefulness in strains or species where this preference is lower is not clear. Another interesting attempt to model reward seeking behavior in the context of BPD is the female urine sniffing test [14] . However, this test was validated more in the context of depression and less in the context of mania. Additional ways to evaluate reward seeking behaviors in the context of BPD modeling are therefore of significant value.
One well studied method to test for reward seeking as well as for the rewarding value of compounds is the Conditioned Place Preference paradigm (CPP, for reviews see [19, 20] ). Conceptually, the CPP paradigm includes repeated pairing of a specific location with a specific stimulus. When paired stimulus is rewarding to the animal, the preference for the paired location increases. Numerous compounds and substances were evaluated using the CPP paradigm and in a variety of animal strains and species. One group of compounds that were repeatedly demonstrated to induce CPP is psychostimulant drugs including amphetamine [21] [22] [23] .
Amphetamine treatment and amphetamine-induced behavior have significant importance in the context of BPD because of a number of reasons: (1) Amphetamine-induced hyperactivity is probably the most common manner to induce a manic-like model (for review see [9] ); (2) In humans, amphetamine can induce mania in susceptible individuals [24] and (3) clinical studies support the effects of lithium to ameliorate the behavioral effects of stimulants in people [25, 26] .
The effects of mood stabilizing drugs were previously evaluated in the CPP paradigm but without direct implications to BPD. Specifically, lithium and valproate were shown to attenuate morphine-induced CPP [27, 28] but no effects of valproate were demonstrated in diazepam induced CPP [29] and lithium was shown to increase cocaine induced CPP [30] .
Because of the need for additional ways to model domains of BPD and the specific relevance of amphetamineinduced behaviors in the context of BPD, the present study was designed to evaluate the effects of the prototypic mood stabilizer lithium on amphetamine-induced CPP. The testing of the effects of lithium is essential to explore possible pharmacological validity of amphetamine-induced CPP in the context of BPD.
MATERIALS AND METHODOLOGY

Animals
Black Swiss mice (Taconic, NY, USA) served as subjects. This strain was selected based on previous results in the amphetamine-induced hyperactivity model and the sweet solution preference model (e.g. [12] ). All mice were transported to our laboratory, where experimentation started no less than 1 week later to allow for appropriate acclimatization time. Male mice, 10 to 12 weeks old and 25 ± 5 g at the start of treatment period, were singly housed in a colony room with constant temperature (22 ± 1°C), 12/12 light dark cycle (lights on/off at 0730/1930) and ad-lib food and water. All experiments were performed during the light phase of the light/dark cycle. All experimental procedures followed NIH guidelines and were approved by the University of Minnesota Institutional Animal Care and Use Committee (Protocol # 0610A94146).
Drugs
Lithium
(SIGMA, St. Lewis, MI) was dissolved in saline and administered intraperitoenally (IP) at a 100mg/kg or 200mg/kg dose once or twice a day (see specific doses and regimens for experiments below) and at 10ml/kg volume. When lithium was administered twice a day, injections were spaced approximately 12 hours apart. Administration of lithium started one week prior to the pre-conditioning test (see below) and continued throughout the conditioning period, post-conditioning test and post-CPP activity test. For the tests and conditioning days, lithium was administered 30 minutes prior to the CPP box exposure. Saline injections were used for control.
d-Amphetamine
(SIGMA, St. Lewis, MI) was dissolved in saline and administered at a 1mg/kg dose and 10ml/kg volume. Amphetamine (or saline control) was administered during the conditioning phase (as described below), immediately prior to placement of mice in the CPP apparatus.
All drug doses were based on previously demonstrated effects in other tests. The amphetamine dose was selected based on the effects to induce locomotor hyperactivity [10, 11, 31, 32] and the lithium doses based on their effects to attenuate manic-like behaviors in relevant tests, especially with emphasis on the amphetamine-hyperactivity test [11-13, 31, 33] .
Apparatus
Conditioned Place Preference
The CPP apparatus consisted of a wooden box, 60 40 45 cm, divided by a partition to 1/3 covered, black painted segment and 2/3 open, well lit, white-painted segment. A digital camera interfaced with a computer was placed above the box and test sessions were digitally recorded for later analyses.
Locomotor Activity locomotor activity was tested in 50 25 20 cm transparent plastic automated activity monitors (Opto3, Columbus Instruments, Columbus, OH, USA).
Procedure
General
For all experiments, mice were randomly assigned to mood stabilizer treatment or vehicle control group. Number of animals per group was 12-17 depends on specific experiment and group (see figure legends for details). Experiment 1 included 2 groups, lithium 100mg/kg once daily and control. Experiment 2 included 3 groups, lithium 100mg/kg once daily, lithium 100mg/kg twice daily and control. Experiment 3 included 4 groups with lithium administration (200mg/kg twice daily) as one factor and amphetamine conditioning as a second factor. One week after the beginning of treatment with mood stabilizer, mice were subjected to the 10 days CPP procedure as described below. For Experiment 3, one day after the end of the CPP procedure animals were tested for activity levels. The general timeline of the experiments is described in Table 1 .
Conditioned Place Preference
Conditioned place preference (CPP) is a commonly used method to evaluate preferences for environmental stimuli associated with a reward (19, 20) . For the present experiments we used a biased CPP protocol (e.g. [34] ) with a box with one black and dark compartment and one white and well lit compartment. The CPP procedure consisted of 3 phases: (1) pre-conditioning test, (2) conditioning days and (3) post-conditioning tests. Pre-conditioning test: Mice, naïve to the apparatus, were injected with saline and individually placed in the box with the partition between compartments slightly ajar to allow free transitions. All mice were placed in the white compartment of the apparatus.
Behavior was recorded for a 10 minute session. At the end of the session, mice were removed from the box and re-placed in their home cages. Boxes were cleaned with 10% alcohol solution between mice. Conditioning phase: For experiments 1 and 2 all mice were conditioned with amphetamine. For Experiment 3, mice were randomly assigned to one of four groups according to a two factor design with amphetamine conditioning and lithium treatment as grouping factors. Experiment 3 therefore included 4 groups: (1) control-saline; (2) control-lithium; (3) amphetamine-saline and (4) amphetamine-lithium. For amphetamine conditioning (all experiments), placement into the white, lit compartment was paired with an amphetamine injection and placement into the black compartment was paired with a saline injection. For the control groups (Experiment 3) placement into both compartments was paired with saline injections. All mice received eight exposure sessions. On alternate days and immediately after the administration of amphetamine or saline, mice were placed in either the black (dark) compartment or the white (lit) compartment for a 30 minute session with the partition door closed. In this paradigm the amphetamine-paired groups received 4 pairings of amphetamine injections with the white (lit) compartment and 4 pairings of saline injection with the black (dark) compartment. Control animals (Experiment 3) received 4 pairings of saline injection with each compartments. Order of treatments and exposure to the different compartments was balanced. At the end of each session mice were removed from the box and re-placed in their home cages. Boxes were cleaned with 10% alcohol solution between mice. Postconditioning test: The post-conditioning test replicates the pre-conditioning test as described above. Mice were injected with saline and placed in the box with the partition door open for a 10 minute session that was digitally recorded for later analyses.
Locomotor Activity
Infrared beam crossings were recorded for 60 min in 10-minutes intervals and total ambulatory activity was calculated across the entire session. At the end of the session mice were returned to their home cages and the boxes were wiped clean with a 10% alcohol solution. For technical reasons only some of the mice from each group were tested for locomotor activity. These mice were randomly selected and the number of mice per group in this test was 7-9 (see Table 2 for specific N's).
Specific Experiments
The study included 3 separate experiments. Experiment 1 tested the effects of 100mg/kg lithium administered once daily. Experiment 2 tested the effects of 100mg/kg lithium administered once or twice daily. Experiment 3 tested the effects of 200mg/kg lithium administered twice daily. Experiment 3 also included control groups for amphetamineinduced CPP therefore permitting dissection of lithium's effects on conditioned versus unconditioned animals. Whereas the general design and timeline of all experiments were similar, Experiments 1 and 2 did not include nonamphetamine-treated groups (as mentioned above) and did not include a post-CPP test for locomotor activity.
Analysis and Statistical Methods
Conditioned Place Preference
Digital recordings of test sessions were manually scored for time spent in the white (lit) compartment of the CPP box. Data for experiments 1 and 2 [lithium 100 mg/kg once daily (Experiment 1) or once or twice daily (Experiment 2)] were analyzed with a repeated measures ANOVA with Treatment as a main factor and Test (pre-conditioning and postconditioning) as a repeated measure factor. For experiment 3, the change in time in the white compartment from preconditioning to post-conditioning tests served as main Amph history x Lithium Interaction: F(1,28)=0.8, N.S.
Amphetamine was not administered during the locomotor activity test day and the reference in column 1 is to the history of treatment during the CPP conditioning days. Amph = amphetamine 1mg/kg. measure and data were analyzed with a 2 way ANOVA with Lithium and Amphetamine as main factors.
Locomotor activity: (Experiment 3) data were analyzed using a two way ANOVA with Lithium treatment and Amphetamine history as main factors. Statistical significance for all experiments was set at p<0.05.
RESULTS
Experiment 1: Lithium 100mg/kg, Once Daily
The pairing of amphetamine with the white compartment of the CPP box resulted in conditioned place preference but the administration of lithium once daily at 100mg/kg had no effects on the expression of the amphetamine-induced CPP ( 
Experiment 3: Lithium 200mg/kg Twice Daily
As in the previous experiments, amphetamine pairing resulted in an increase of the time spent in the white compartment from pre-conditioning to post-conditioning tests and this effect was not observed in animals that experience pairing with saline. The administration of lithium at 200mg/kg dose, twice daily had no effects on the amphetamine-induced CPP ( Fig. 3 ; ANOVA: Amphetamine effect -F(1,52)=20.58, p<0.001; Lithium effect -F(1,52)=0.07, N.S.; Amphetamine x Lithium Interaction -F(1,52)=2.4, N.S.). History of amphetamine treatment resulted in increased locomotor activity but lithium treatment had no effects on locomotion levels (see Table 2 for data and statistics). Although animals were not administered amphetamine during the locomotor activity test the increased activity levels of animals previously exposed to the drug is not surprising and might be related to a process of sensitization to psychostimulants (e.g. [35] ).
DISCUSSION
The restricted availability of appropriate models for bipolar disorder is repeatedly cited as a significant factor limiting the ability to explore the complex biology of the disease and develop more efficacious treatments [3, 36, 37] . In an attempt to develop a battery of tests for domains of BPD, we have previously demonstrated that when utilizing an appropriate mouse strain, it is possible to model a number of behavioral facets that are directly linked to BPD. Specifically, we have shown that increased aggression and intrusion can be tested in the resident-intruder test [6] , increased vigor and goal directed activity can be tested in the forced swim test [13] and that increased reward seeking behavior can be tested using the sweet solution preference test [12] . This is of course on top of the frequently used amphetamine-induced hyperactivity test [11] . Additional tests were suggested for more behavioral domains of the disorder but were not tested or validated yet [6, 8] .
The sweet solution preference test can be a good way to evaluate the increased reward seeking behavior associated with mania [12] but is limited to strains and species with a clear preference for sweet taste. For example, a study that included an attempt to utilize the test (as part of a set of Fig. (1) . The pairing of amphetamine with the white compartment resulted in a significant increase in time spent in that compartment from pre-conditioning to post-conditioning tests. The administration of 100mg/kg lithium, once daily, during the conditioning period and tests had no effects on the amphetamine-induced CPP. Bars represent time (sec) spent in the white compartment during pre-conditioning and postconditioning tests of mice that experienced amphetamine pairing with this compartment. Open bars represent no mood stabilizer treatment (N=14), grey bars represent once daily administration of lithium (N=15). * symbolizes significant difference (p<0.05).
tests) in the context of affective disorders in the diurnal fat sand rats (Psammomys obesus) demonstrated no preference for sweet solution in this species [38] and suggested that sand rats do not develop preference for sweet solution because sugars are not part of their natural diet and that sand rats can develop nutritionally induced diabetes when exposed to sugars [39] . Hence, the present study was designed to evaluate the possibility of using the conditioned place preference paradigm as a way to model reward seeking behavior which is a critical behavioral domain, and possibly an endophenotype of mania [18, 40] . Amphetamine-induced CPP might have special relevance to mania because of the multiple lines of evidence suggesting involvement of amphetamine and dopaminergic agents in general in the pathophysiology of the disease.
One necessary step to evaluate the relevance of a model for a disorder is to examine its pharmacological validity (a component of predictive validity) and test if drugs that are efficacious in treating the disorder also have a beneficial behavioral effect in the model [36, 41, 42] . To that end the present study evaluated the effects of the prototypic mood stabilizer lithium in amphetamine-induced CPP.
The results of the study do not offer support for the validity of the paradigm to model the reward seeking domain of mania. Administration of lithium at doses and regimens that were previously demonstrated to ameliorate amphetamine-induced hyperactivity [10, 11, 31, 33] and reduce sweet solution preference [11, 12] had no effects on amphetamine-induced CPP.
The present study did not specifically attempt to distinguish between development and expression of CPP. To do that, experiments should be designed to test the effects of lithium administration throughout the conditioning phase but not during the post-conditioning test (development) compared with administration of lithium just before the postconditioning test (expression). Instead, we used a chronic lithium administration regimen that started before the CPP paradigm and continued throughout all phases of conditioning and testing. This administration regimen was selected as it covers both CPP acquisition and expression and could demonstrate potential lithium effects on both processes. Positive results from this broader administration regimen could have been followed later by separate experiments to distinguish development and expression of CPP. However, the lack of effects in the present study suggests that lithium does not influence either the development or expression of amphetamine-induced CPP.
The lack of effects of lithium in amphetamine-induced CPP appears to be in some contrast to its repeatedly demonstrated effects in the amphetamine-induced hyperactivity model including work with the same mouse strain and similar doses used in the present study [10, 11, 31, 33] . However, the systems related to the inhibition of amphetamine-induced hyperactivity and amphetamineinduced reward seeking might be different. For example, blocking amphetamine hyperactivity had been related to areas of the frontal cortex [43, 44] whereas midbrain areas and connections had been implicated in amphetamine rewarding effects [45] . Such brain-region specific effects were also recently demonstrated in the context of mitochondrial dysfunction, amphetamine and lithium [46] . In that study, while lithium treatment normalized amphetamineinduced hyperactivity, its effects on amphetamine-induced mitochondrial dysfunction were restricted to the prefrontal cortex and the striatum but it had no effect on the hippocampus [46] . The different systems involved with the different actions of amphetamine and the different interactions of lithium with these systems can therefore explain the discrepancy between lithium's effects in amphetamine-induced hyperactivity and the lack of effects in amphetamine-induced CPP. 
CONCLUSIONS
The present study does not support the pharmacological validity of the amphetamine-induced CPP paradigm to model reward seeking behavior in the context of BPD. It is however possible that other drugs utilized in the treatment of BPD such as different mood stabilizers or atypical antipsychotics will be effective and experiments are planned to evaluate valproate and risperidone in the paradigm. Previous work already demonstrated that when using a battery of models behavioral tests 250, these drugs are not identical in their effects and some might be more efficacious than others for testing specific domains of the disorder [11, 47] . In parallel with evaluating additional drugs, additional methods should be explored to enhance the battery of models for domains of BPD as a way to augment our ability to study the underlying biology of the disorder and screen for novel treatments. Fig. (3) . The pairing of amphetamine with the white compartment resulted in a significant increase in time spent in that compartment from pre-conditioning to post-conditioning tests. The administration of 200mg/kg lithium, twice daily, during the conditioning period and tests had no effects on the amphetamine-induced CPP. Bars represent change in time (sec) spent in the white compartment from the pre-conditioning to the post-conditioning test. Light bars represent animals without amphetamine pairing and dark bars animals that experienced amphetamine pairing. N=12/group for vehicle groups, N=15 for Lithium/Saline group and N=17 for Lithium/Amphetamine group. * symbolizes significant difference between amphetamine-paired and unpaired groups (p<0.05).
